Objectives: Intravenous immunoglobulin (IVIG) has demonstrated improvement in chronic inflammatory demyelinating polyneuropathy (CIDP) patients in placebo controlled trials. However, IVIG is also much more expensive than alternative treatments such as corticosteroids. The objective of the paper is to evaluate, from a Canadian perspective, the cost-effectiveness of IVIG compared to corticosteroid treatment of CIDP.
Introduction
Chronic inflammatory demyelinating polyneuropathy (CIDP) is an acquired immune-mediated inflammatory disorder that targets the myelin sheaths that wrap the nerves of the peripheral nervous system. The motor weakness symptoms of CIDP resemble those of GuillainBarre syndrome (GBS), and CIDP is sometimes considered to be a chronic counterpart of GBS [1] . The course of CIDP may be chronic progressive, stepwise, or monophasic. CIDP can occur at all ages and in both sexes, but is more common in older individuals and males. It is believed that the older age group is more likely to have a chronic progressive course of CIDP, and in younger patients, a relapse remitting course [2] . The prevalence rate of CIDP has been reported to be between 1.0 to 1.9 per 100,000 population [3, 4] .
CIDP has both motor and sensory symptoms, with motor being the predominant feature. There is symmetrical involvement of both arms and legs, including both proximal and distal muscles, resulting in global muscle weakness and a general reduction or absence of deep tendon reflexes [2] . Occasionally, muscle weakness becomes profound, and patients are unable to walk [5] . A prevalence study conducted by Lunn and colleagues [3] reported that 54% of patients had been severely disabled at some point in the past, and 13% were still severely disabled at the time of the prevalence assessment.
Patients with CIDP show improvement after treatment with corticosteroids and Plasma Exchange (PE), [6, 7] but both treatments have disadvantages. Due to the chronic nature of the disease, long-term use of corticosteroids is usually required, and this carries the risk of numerous Adverse Events (AEs) and serious adverse events (SAEs) [8] . The benefit from PE is usually transient, therefore it is usually employed concomitantly with other therapy [7] . Also, PE must be carried out in specialized centres, and the repeated procedures require good vascular access [9] .
In September 2008, the Food and Drug Adminsitration (FDA) granted Talecris Biotherapeutics supplemental licenses for their IVIG products to include CIDP as an indication [10] . The Health Products and Food Branch of Health Canada granted their approval for this indication in October 2008 [11] . IVIG has demonstrated improvement in CIDP patients in placebo-controlled trials [9, [12] [13] [14] . However, IVIG is also expensive. A recent report estimated the annual IVIG maintenance costs to be over $70,000 in Canada [15] .
Canada has one of the highest per capita rates of consumption of IVIG in the world, and the consumption rate has been increasing annually over the past decade [16, 17] . Escalating cost, increasing demand for an expanding number of indications, and a recent IVIG shortage has prompted Canada to adopt new approaches to manage and prioritize IVIG use. Assessing the impact of IVIG in patients with CIDP has been identified as a priority. This is because of its relatively high utilization rates in Canada, the potential availability of alternative treatments, and the uncertainty of a therapeutic advantage over alternative therapy.
The objective of this study is to evaluate the cost-utility of IVIG compared to corticosteroids for the treatment of CIDP in Canada.
Methods

Overview
A cost-utility analysis was conducted using a Markov model to compare IVIG to corticosteroids for the treatment of CIDP. The population entering the model are assumed to be 54 years of age and weighing 75 kg. These assumptions are based on the average age and weight of patients in the trial that compared IVIG and corticosteroid treatment in patients with CIDP [18] . The analysis is taken from the perspective of a Canadian publicly funded health care system. Although IVIG forms part of the budget for Canadian Blood Services (CBS), its costs are borne by Canadian public health care payers as part of their payments to CBS [19] . The effectiveness measure is quality adjusted life years (QALY). In the basecase analysis, the time horizon of the model is set to five years. Alternate time horizons are assumed in sensitivity analyses. Both costs and effects were discounted at a rate of 5% annually.
Model structure
The structure of the model, including the transitions between health states, is presented in Figures 1 and 2 Once patients start corticosteroid treatment, they are at risk of a number of AE's in each twelve week cycle. The AEs used in the model included fracture, diabetes, glaucoma, cataract and serious infection. Though this is not an exhaustive list of side-effects associated with steroid use, we evaluated these as they were incorporated into an economic evaluation of corticosteroids for the treatment of rheumatoid arthritis [20] . This study was used as the source for a number of AE related model inputs. Once patients have an AE, it is assumed that patients discontinue steroid treatment. It is assumed that once treatment is stopped, HbA1C (diabetes), and elevated intraocular pressure (glaucoma) return to normal. Furthermore, it is assumed that these conditions lasted for 1 year duration before discovery and steroid discontinuation. For each adverse event, patients are assigned an increased risk of mortality, increased costs, and a reduction in quality of life. Figure 2 , represents the model structure for the corticosteroid treatment strategy. As shown, it is similar to the structure of the IVIG arm, except no distinction is made between steroid responders and steroid non-responders. There are a number of reasons why no distinction is made. First, the one clinical trial comparing IVIG with corticosteroids in CIDP patients [18] did not report treatment response or relapse as an outcome. Second, because IVIG treatment is so much more expensive than corticosteroids, it is more important to distinguish the proportion of patients that respond and therefore incur maintenance treatment costs, compared to corticosteroids. Finally, the only study that compared utility values in IVIG and corticosteroid treated CIDP patients [21] did not report utility values by responder status.
Model Inputs
A number of different model input parameters were used to populate the model. These include: initial IVIG response rate; IVIG relapse rates; corticosteroid AE rates; mortality rates; IVIG treatment costs; corticosteroid treatment costs; AE related costs and finally, utility values associated with treatments and AEs. These are discussed below.
IVIG response and relapse rates
A literature review was conducted to identify randomized controlled trials that evaluated IVIG for CIDP patients. Six trials were identified that evaluated IVIG and reported response rates [9, 12, 14, [22] [23] [24] [25] . Response rates from the IVIG treatment arms of these studies were pooled using a random effects meta-analysis [26] . Table 1 presents details of the meta-analysis. As shown, the pooled IVIG response rate was estimated to be 0.473 (95% CI 0.361, 0.585). The IVIG relapse rate was based upon data from the ICE study [14] . This was the only study that reported relapse rates over a six month period. The 25 week relapse rate for IVIG in this study was estimated to be 13%. This is equivalent to a 12 week relapse rate of 6.5%. The cumulative relapse rate from the 25 week ICE study was extrapolated in the model by applying a constant relapse rate of 6.5% to patients in the IVIG responder health state in each cycle throughout the model time horizon.
Corticosteroid adverse event probabilities
The probabilities of corticosteroid related adverse events were taken from a published cost-effectiveness study comparing corticosteroids with Cox-2 inhibitors for the treatment of rheumatoid arthritis [20] . Bae et al. [20] used studies by McDougall et al. [27] as their source for fracture and cataract probabilities. Saag et al. [28] was used as their source for the probabilities of diabetes, glaucoma and serious infection. Table 2 presents the annual corticosteroid AE probabilities used in the model.
Utilities
Background utility values for the model were based upon utilities from a U.K. general population [29] . Utility values by age and gender are presented in Table 3 . Utility gains from IVIG treatment were added to the background utility values, while utility losses from corticosteroid related adverse events were subtracted from background utility values. The incremental gain in utility from IVIG treatment compared to corticosteroid treatment was assumed to be 0.12. This was based on findings from McCrone et al. [21] who measured utility at baseline and at 6 weeks in CIDP patients treated with either IVIG or corticosteroids. This utility gain was added to the baseline utility values for all IVIG treated patients for the full duration of the first 12 week model cycle. This utility gain was also applied to patients for the full duration of each subsequent cycle where they remain IVIG responders.
The disutility due to fracture was estimated using an unpublished Canadian model evaluating treatments for corticosteroid induced osteoporosis. This unpublished model is a modification of an osteoporosis model published by Goeree et al. [30] The disutility associated with diabetes was estimated using the Ontario Diabetes Economic Model (ODEM) [31] . The ODEM was run for 30 years under different scenarios. First it was run assuming an elevated HbA1C for the first year. Second it was run assuming no elevated HbA1C for the first year. Disutilities were calculated as the difference in utilities predicted by ODEM under these 2 scenarios. Table 4 presents the disutilities associated with fracture and diabetes by first and subsequent years.
The disutility associated with the development of cataracts in the model was assumed to be 0.38 while waiting for surgery and 0.10 after surgery [32] . These values were based on a cost-effectiveness study on reducing waiting times for cataract surgery in Ontario [32] . It was assumed that patients would have a 109 day wait for cataract surgery [32] . The disutility for glaucoma was assumed to be 0.061 [33] . For serious infection a disutility of 1.0 for two weeks duration was assumed. This assumption was used in Bae et al. [20] 
Mortality
Background mortality rates by age were based on the most recent Canadian life table data [34] . The average of male and female mortality rates were used in the model. The increased risk of death after fracture was derived from the same model which provided the utilities [30] . The increased risk of death from diabetes was estimated using the ODEM [31] . The increased risk of death after fracture and diabetes is presented in Table 4 . The acute risk of death from serious infection was based upon data from a Canadian study on in-hospital mortality from community acquired pneumonia [35] . This study reported mortality rates of 0.018 and 0.111 for patients aged between 25-65 and those over 65 respectively. No increase in the probability of death was assumed for the other corticosteroid related adverse events.
IVIG costs
The initial and maintenance IVIG treatment cost estimates were based on the dose and frequency of IVIG administration and the cost per each IVIG administration. The dose and frequency of IVIG treatment assumed in the model was based upon the monograph of the product approved for CIDP treatment in Canada [36] . This includes an initial loading dose of 2 grams of IVIG per kg of body weight over two to four days along with maintenance dosing of 1 g/kg over one to two days every three weeks. This is the same dosing regimen used in the study used to estimate IVIG relapse rates [14] . For the purpose of the model, it is assumed that the initial treatment is given as two 1 g/kg doses, and that maintenance IVIG treatment is given as a single 1 g/kg dose every 3 weeks.
The cost per gram of IVIG ($59.19) was provided by Canadian Blood Services (personal communication). The cost per hour for a nurse ($32) was based on the Canadian Salary Survey [37] . Based on a 1 g/kg dose, a 75 kg patient and 3.5 hours of nurse supervision time, the total cost per IVIG administration is calculated as $4551.25. In the initial 12 week cycle patients are assumed to be given two 1 g/kg loading dose treatments of IVIG. They are also assumed to receive 1 g/kg maintenance doses at weeks 3, 6, 9 and 12, resulting in a total cost of $27,307.50 for the initial model cycle. In subsequent twelve week cycles, patients are assumed to have four 1 g/kg IVIG maintenance treatments, resulting in IVIG costs of $18,205. This cost is applied to patients who remain IVIG responders.
Corticosteroid Costs
The costs of corticosteroid treatment were based upon the reimbursement rate for a 50 mg pill ($0.0913) and a 5 mg pill ($0.022) of prednisone from the Ontario Drug Benefit formulary [38] . Patients on corticosteroids were assumed to take a bisphosphonate to help protect them from fracture. The cost of etidrocal ($19.99 per 400 mg/ 500 mg 90 tablet kit) was derived from the Ontario Drug Benefit formulary [38] . Based upon expert opinion, it was assumed that patients would be prescribed 60 mg per day of prednisone for the first 4 weeks of treatment. The dose would then be reduced by 10 mg per day in each of the next 20 weeks. After 24 weeks, the dose was assumed to be tapered down to 5 mg per day. While taking 60 mg of prednisone per day, patients were assumed to take one 50 mg pill and two 5 mg pills per day. While taking 50 mg of prednisone patients were assumed to take a single 50 mg pill. While taking less than 50 mg of prednisone per day, patients were assumed to take multiple 5 mg pills. An 8% [39] pharmacy markup and a $7.00 [39] dispensing fee were incorporated into the corticosteroid costs. Based upon the unit drug costs, pharmacy markup, pharmacy dispensing fee and the assumed treatment regimen, the cost for the first, 2 nd and subsequent model cycles are $51.19, $43.57, and $39.87 respectively.
Cost of corticosteroid related adverse events
The cost of fracture was estimated using the same model that provided the utility and risk of death after fracture values [30] . The cost of diabetes was estimated using the ODEM [31] . The diabetes and fracture related costs used in the model for the first and subsequent years are provided in Table 4 . The cost related to development of cataracts ($6,218) was taken from Hopkins et al. [32] and was primarily comprised of surgery costs. The costs related to development of glaucoma ($152) and serious infection ($24,334) were based on the estimates used by Bae et al., [20] inflated to 2008 Canadian dollars. This conversion from U.S. to Canadian dollars was done using the December 2008 currency exchange rate [40] . Inflation from 1999 Canadian dollars to 2008 Canadian dollars was done using the health care component of the consumer price of the consumer price index [41] .
Uncertainty
The variability of cost-effectiveness results according to patient characteristics was assessed using one-way sensi- tivity analysis. The model was run assuming different patient weights and starting ages. Because patient weight affects IVIG dosing, it also affects the costs. The structural uncertainty of the model was evaluated using oneway sensitivity analyses varying the discount rates and the model duration. The model was also evaluated using different assumptions about the utility gain from IVIG, the extrapolation of IVIG relapse rates, treatment switching for corticosteroid patients after suffering an AE, and on the dosing and frequency of maintenance IVIG treatment. Parameter uncertainty was evaluated using probabilistic sensitivity analysis and expressed as cost-effectiveness acceptability curves (CEACs) based upon 1000 2 nd order Monte Carlo simulations. Beta distributions were used for parameters whose values are constrained between zero and one. These include probability parameters, baseline utility variables and utility weight parameters. Gamma distributions were used for corticosteroid adverse event cost parameters as the values of the cost parameters need to be non-negative. No distributions were applied to the unit costs of IVIG or corticosteroids. Normal distributions were applied to the incremtal utility from IVIG response, along with disutility from corticosteroid AEs, an incremental mortality from adverse events. Selected distributions and parameters values that were used in the probabilistic sensitivity analysis appear in Table 5 . Table 6 presents the basecase cost-effectiveness results. As shown, the total cost for the IVIG treatment arm over the 5 year duration of the model is estimated to be $124,065. This compares with $2,196 for the corticosteroid treatment arm, resulting in an incremental cost of IVIG compared to corticosteroids of $121,869. Over 5 years, IVIG was estimated to have 3.962 QALYs compared to 3.785 for corticosteroids. The resulting incremental cost-utility ratio of IVIG compared to corticosteroids is $687,287 per QALY gained. Based on these results if society is willing to pay $687,287 or more for a QALY, IVIG would be considered the cost-effective treatment. If societal willingness to pay for a QALY is less than $687,287, corticosteroids would be considered the cost-effective strategy.
Results
Basecase
Uncertainty
One way sensitivity analyses were conducted on a number of patient characteristics (age and weight) and various model assumptions. The results of sensitivity analysis are presented in Table 7 . As shown, the cost per QALY of IVIG compared to corticosteroids for patients weighing 35 kg is $327,665, while the cost per QALY of IVIG for patients weighing 95 kg is $867,090. The incremental cost per QALY for patients with a starting age of 35 years is $686,130, while the cost per QALY for patients with a starting age of 75 years is $683,219 per QALY. Using different discount rates or model time horizons had little impact on the cost-utility estimates. Assuming a larger incremental utility impact of IVIG does impact the results. If a 0.25 utility gain is assumed, the cost per QALY becomes $335,038. If patients in the corticosteroid arm are assumed to switch to IVIG after an adverse event the cost per QALY of IVIG becomes $682,309. If no extrapolation of the IVIG relapse beyond 25 weeks is applied to the model, the cost per QALY of IVIG becomes $672,616. In the basecase analysis, it was assumed that maintenance IVIG was given in 1 mg/kg Figure 3 presents the cost-effectiveness acceptability curve for the IVIG treatment arm using the basecase model assumptions. As shown, at a willingness to pay for QALY threshold of $670,000, the probability that IVIG is cost effective is 50%. At the commonly quoted willingness to pay threshold of $50,000 per QALY, the probability that IVIG is cost-effective is less than 1%.
Discussion
In this cost-utility analysis in patients with CIDP, the incremental cost of IVIG treatment compared to corticosteroid treatment was estimated to incur $124,065 more costs and result in 0.177 more QALYs compared to the corticosteroid treatment arm over 5 years. The resulting incremental cost-utility ratio of IVIG compared to corticosteroids is $687,287 per QALY gained. The ICUR varied from $327,665 to $867,090 when patient weight was decreased to 35 kg and increased to 95 kg, respectively. Assuming that maintenance treatment with IVIG consists of 0.4 mg/kg doses every 8 weeks instead of 1.0 mg/kg doses every three weeks resulted in a cost per QALY estimate $148,518. Probabilistic sensitivity analysis found that at a willingness to pay for a QALY threshold of $670,000, the probability that IVIG is cost-effective is 50%. Our results are consistent with those from the only other economic evaluation we identified that compared IVIG with corticosteroids for CIDP treatment [21] . In this 6 week trial based economic evaluation, the authors reported that at a willingness to pay threshold of £250,000, there was a 50% chance that IVIG was costeffective compared to corticosteroids.
The economic analysis has a number of limitations. As is the case for all models, our analysis had to make a number of assumptions. This includes the extrapolation of the non-statistically significant 0.12 (p = 0.07) utility gain from IVIG found by McCrone et al. [21] over the five year time horizon of the model. Another limitation is the reliance on this single source of utility gain from IVIG treatment [21] . Another limitation is that the reliance on a single source [20] to define the corticosteroid related adverse events used in the model. Because a public health care payer perspective was taken, indirect costs were not included. If a societal perspective was taken and indirect costs taken into consideration, the cost-utility of IVIG compared to corticosteroids may have been more favourable.
Despite the high costs, IVIG remains a popular treatment in Canada. This is likely due to its potential for better patient outcomes compared to other treatments. Another possible reason is that IVIG funding comes directly from jurisdictional health budgets and do not comprise part of individual hospital budgets.
Conclusions
IVIG is much more expensive compared to corticosteroids for the treatment of CIDP. Our model estimates the incremental cost per QALY of IVIG compared to corticosteroids to be $687,287. Based on commonly quoted willingness to pay thresholds, IVIG treatment for CIDP is unlikely to be considered a cost-effective use of health care resources. Results varied according to the frequency and dose of IVIG administration.
